Real-time quantitative PCR (qRT-PCR) is one of the important methods for investigating the changes in mRNA expression levels in cells and tissues. Selection of the proper reference genes is very important when calibrating the results of real-time quantitative PCR. Studies on the selection of reference genes in goat tissues are limited, despite the economic importance of their meat and dairy products. We used real-time quantitative PCR to detect the expression levels of eight reference gene candidates (18S, TBP, HMBS, YWHAZ, ACTB, HPRT1, GAPDH and EEF1A2) in ten tissues types sourced from Boer goats. The optimal reference gene combination was selected according to the results determined by geNorm, NormFinder and Bestkeeper software packages. The analyses showed that tissue is an important variability factor in genes expression stability. When all tissues were considered, 18S, TBP and HMBS is the optimal reference combination for calibrating quantitative PCR analysis of gene expression from goat tissues. Dividing data set by tissues, ACTB was the most stable in stomach, small intestine and ovary, 18S in heart and spleen, HMBS in uterus and lung, TBP in liver, HPRT1 in kidney and GAPDH in muscle. Overall, this study provided valuable information about the goat reference genes that can be used in order to perform a proper normalisation when relative quantification by qRT-PCR studies is undertaken.
INTRODUCTION
Goat is an economically important animal in many communities worldwide, providing meat and milk products with abundant nutritional value (Dubeuf et al., 2004) . Previous studies have shown that breeding, growth and other major economical traits of goats are highly regulated by functional genes. Studies involving temporal and spatial expression specificity of these genes in different goat tissues are helpful when screening the functional genes regulating important economic traits of goats. They are also vital in marker-assisted selection (MAS) studies and in breeding program improvements (Moioli et al., 2007; Domby et al., 2010; Fu et al., 2011; Zi et al., 2012) .
Real-time quantitative PCR is a quantitative analytical method used to determine mRNA expression at the transcriptional level. It is rapid, highly reproducible and extremely sensitive, and is therefore widely used in the quantitative studies on gene expression (Dabek et al., 2010; Novinscak et al., 2011; Veys et al., 2012) . However, the reliability of the results from qRT-PCR is affected by experimental conditions, yield and quality of the sample RNA, as well as the efficiency of reverse transcription (Fleige and Pfaffl, 2006) . Therefore, specific reference genes are normally selected for calibration and normalization of target genes in the studies in order to reduce the deviation of the results (Mehta et al., 2010; Wang and Xu, 2010; Pierzchala et al., 2011) . Studies on the screening of reference genes used in qRT-PCR have been reported in tissue sourced from humans, mice, pigs, cattle and other mammals (Garcia-Crespo et al., 2005; Spalenza et al., 2011; Chechi et al., 2012; Zhang et al., 2012) , but studies in goat tissues are limited. The expression levels of frequently used reference genes may differ significantly among different species, cell types, tissues, different stages of cell proliferations and organ development, in vitro culture and other kinds of experimental conditions (Chechi et al., 2012; Chi et al., 2012) . Therefore, it is of great importance to select suitable reference genes to carry out calibration and normalization for the expression of target genes in the specific experimental conditions.
We selected eight candidates of reference genes (18S, TBP, HMBS, YWHAZ, ACTB, HPRT1, GAPDH, and EEF1A2) , and the differences in their expression levels in ten different tissues types (heart, liver, spleen, lung, kidney, stomach, uterus, ovaries, small intestines and muscles) of Boer goat were compared. geNorm, NormFinder and Bestkeeper analytical software packages were used to determine the gene combination showing the most stable expression. Identifying the best combination of reference genes will provide information to select the most suitable reference genes for calibrating qRT-PCR analysis of mRNAs from goats.
MATERIALS AND METHODS

Tissues
Ten different goat tissues (heart, liver, spleen, lung, kidney, stomach, small intestine, uterus, ovary and skeletal muscle) were collected from three 5-month-old female Boer goats. All the samples were immediately snap-frozen in liquid nitrogen and stored at -80C and would be used for evaluating the stability of each candidate genes.
Total RNA isolation and cDNA synthesis
Total RNA was extracted using Trizol (Invitrogen, Gaithersburg, MD) according to the manufacturer's instructions. RNA concentration was determined by spectrophotometry at 260 nm/280 nm absorbance ratio with expected values between 1.8-2.00 using a Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA). RNA integrity was confirmed by gel electrophoresis using 1% agarose with ethidium bromide. RNA samples were run on a 1% agarose gel at 100 V for 30 min (Supplementary Figure 1) . The isolated RNA was immediately frozen at -80C. cDNA was synthesized from 1 g of total RNA by using a PrimerScript RT reagent kit (TaKaRa, Osaka, Japan) with an oligo-dT primer. The mixture was incubated at 37C for 15 min and 85C for five seconds to terminate reaction in an ABI 9700 DNA Thermal Cycler (Applied Biosystems, Foster City, CA, USA).
Reference gene selection and primer designing
Eight genes were selected to be evaluated as reference genes according to the literature: 18S, TBP, HMBS, YWHAZ, ACTB, HPRT1, GAPDH, and EEF1A2 (Garcia-Crespo et al., 2005; Spalenza et al., 2011; Chechi et al., 2012; Zhang et al., 2012) . Selection was done considering their stability values from published studies. The candidate genes and primers are listed in Table 1 . The primers were designed using Primer Express 2.0 software (Yoon et al., 2002) and synthesized by Invitrogen Shanghai (Shanghai, China).
Real-time quantitative PCR
Real-time quantitative PCR was performed using three biological replicates and technical triplicates of each cDNA sample, according to the manufacturer's protocol. cDNA samples were made into seven dilution series (1:10), and each dilution was amplified in triplicate PCR amplifications and plotted as mean values to generate a standard curve. PCR was performed using the same volume of cDNA sample for each gene to record the cycle threshold (Ct) value. PCR experiments were performed with an ABI Prism 7900 HT sequence-detection system (Applied Biosystems), using SYBR Green PCR Master Mix according to the manufacturer's protocol. A 50 L reaction sample included 5 L SYBR Green Real-time PCR Master Mix, 0.2 L (10 M) primers, 1 L sample, 0.2 L ROX reference dye, and 3.4 L nuclease-free water. The following cycling conditions were used: 95C for 30 s and 40 cycles of 95C for five seconds, and 60C for 30 s. Fluorescence signal was obtained at a temperature of 72C extension.
Data analysis
All data are representative of experiments performed at least three times in duplicate. Data are meanstandard deviation (SD). The Ct value of each gene after qRT-PCR was input into an Excel datasheet (Microsoft Excel 2003) before importing the data into geNorm (Vandesompele et al.,
Supplementary Figure 1.
Result of the gel electrophoresis of total RNA isolated from goat tissue samples. 1: heart, 2: liver, 3: spleen, 4: lung, 5: kidney, 6: stomach, 7: small intestine, 8: uterus, 9; ovary, 10: muscle. RNA samples were run on a 1% agarose gel at 100 V for 30 min. All the samples show high-quality RNA because there is a clear appearance of the 28S, 18S and 5S rRNA bands. The results indicated that total RNA was isolated successfully and with no degradation and could be used for further research.
2002), NormFinder (Pfaffl et al., 2004) and Bestkeeper (Andersen et al., 2004 ) software packages.
geNorm was used to evaluate the stability of reference genes and for screening the optimal combination by using two parameters M (average expression stability) and V (pairwise variation). geNorm generates an M value for each gene that is arbitrarily suggested to be lower than 1.5 (with a lower value indicating increased gene stability across samples), and a pairwise stability measure (V number) to determine the benefit of adding extra reference genes for the normalization process (again with a lower value indicating greater stability of the normalization factor). Lower M values for the references indicated higher stability. Paired variation analysis was carried out using geNorm after the optimal combination of two reference genes was obtained. If the paired variation coefficient was lower than 0.15, the combination of these two genes was sufficient to be used as the criteria for calibrating the results from quantitative analysis, and the next gene was not required. By contrast, if the paired variation coefficient was higher than 0.15, the next genes should be added to the analysis (Mehta et al., 2010) .
Similarly, NormFinder generates a stability measure of which a lower value indicates increased stability in gene expression and group samples. This allows a direct estimation of expression variation, ranking genes according to the similarity of their expression profiles by using a model-based approach. Bestkeeper generates a pairwise correlation coefficient between each gene and the Bestkeeper index (the geometric mean of the threshold cycle values of all the reference genes grouped together) (Perez et al., 2008) .
RESULTS
Amplification efficiency and specificity of qRT-PCR
As shown in Table 1 , the regression coefficients of the standard curves for the eight candidates reference genes were all higher than 0.99. The amplification efficiencies were all higher than 94% and showed good linear correlation, indicating that the specificity of the primers was relatively good and that the results of the quantitative analysis were accurate and reliable. Mean Ct values and standard deviation for the genes in each tissue are shown in Table 2 . The obtained Ct and amplification efficiency 
Stability of reference gene expression
Firstly, the stability was evaluated taking into account the entire data (all tissues and goats) with geNorm, NormFinder and Bestkeeper algorithms. Table 3 From the analytical results of the three software packages, it can be deduced that 18S and TBP displayed the best gene expression stability, while GAPDH and EEF1A2 are the least stable. The gene expression stability of HMBS, YWHAZ, ACTB, and HPRT1 is moderate.
The paired variation coefficient of geNorm was higher than 0.15 (V 2/3 = 0.234) when 18S and TBP are used in combination as the reference genes, indicating that the reference gene combination with 18S and TBP was not sufficient to be used as the calibration criteria for the quantitative analysis for gene expression, and the next candidate for reference gene was required (Figure 2 ). When YWHAZ, HMBS, and ACTB (ranked in third, fourth and fifth places in expression stability) were successively added, the variation coefficient showed 0.197 (V 3/4 ), 0.183 (V 4/5 ) and 0.210 (V 5/6 ). As 0.183 (V 4/5 ) was the smallest variation coefficient, so HMBS should be added and 18S, TBP, and HMBS should be the optimal combination of reference genes. The stability of the genes was also evaluated for each of the ten tissues analysed. As expected, the stability of the genes varies among tissues (Table 4) . ACTB was the most stable gene in stomach, small intestine and ovary, 18S in heart and spleen, HMBS in uterus and lung, TBP in liver, HPRT1 in kidney and GAPDH in muscle, evidencing the specificity of each tissue developing characteristic biological functions and specific metabolic pathways. These results showed that tissue is an important variability factor that affects the stability genes expression. Thus, it is evidenced the necessity of using reference genes according the tissue analysed.
DISCUSSION
The techniques for quantitative analysis of gene expression at mRNA level include RNA blotting, gene microarray, and qRT-PCR. The final results from the expression of target genes should be calibrated using reference genes (Kidd et al., 2007; Kortner et al., 2011; Nesvadbova and Knoll, 2011; Lardizabal et al., 2012; Rivera-Vega et al., 2012) . Ideal reference genes should be stably expressed in the tissues, cells and under the experimental conditions used in the experimental system. However, the so-called constant expression of any reference gene only refers to the specific conditions under certain environments, and the expression levels in different cell types, tissues and different experimental systems can be significant (Radonic et al., 2004; Bustin et al., 2009; Lanoix et al., 2012) . Therefore, it is particularly important to use reference genes suitable for the specific experimental conditions and species under investigation.
Studies on reference genes in mammals have previously been reported. Nygard et al. (2007) screened for reference genes in different tissues by using SYBR Green qRT-PCR technique. The results showed that the expression of ACTB, RPL4, TPB, and HPRT1 was the most stable; ACTB and RPL4 can be used as the reference genes for analyzing gene expression of high abundance genes, while TPB and HPRT1 can be used as the reference genes for analyzing gene expression of low abundance genes (Nygard et al., 2007) . Lisowski et al. (2008) screened reference genes in different tissues sourced from cattle. The results showed that the stability of the expression of reference genes was not the same in different tissues. The expression of ACTB and TBP was the most stable in liver, the expression of GAPDH and YWHAZ was the most stable in kidney tissue, the expression of GAPDH and SDHA was the most stable in pituitary tissue, and the expression of TBP and HPRTI was the most stable in thyroid (Lisowski et al., 2008) . Crespo et al. (2005) found that different combinations from six reference genes (ACTB, YWHAZ, RPL19, GAPDH, G6PDH, and SDHA) were applicable for the calibration of the results from qRT-PCR analysis in different sheep tissues. For example, GAPDH, SDHA, and ACTB were suitable for cerebrum, G6PDH, ACTB, and YWHAZ were suitable for cerebellum, while SDHA, RPL19, and GAPDH were suitable for mesenteric lymph node (Garcia-Crespo et al., 2005) . As the optimal reference genes for different species and different tissues are not necessarily the same, it is essential to determine the optimal reference genes for specific species used in the experimental system.
The present study was carried out to examine the expression levels of eight candidates reference genes (18S, TBP, HMBS, YWHAZ, ACTB, HPRT1, GAPDH, and EEF1A2) in heart, liver, spleen, lung, kidney, stomach, uterus, ovaries, small intestines, and muscles tissues sourced from Boer goat. Real-time quantitative PCR technique and three software packages (geNorm, NormFinder and Bestkeeper) were used to analyze the results. Though the algorithms utilized by the three software were slightly different, they all sorted the candidate reference genes by their level of expression stability.
Even though the stability calculations of the eight reference genes obtained from geNorm, NormFinder and Bestkeeper were slightly different, the two groups of genes showing the best (18S, TBP) and the poorest (GAPDH, EEF1A2) stability were the same (Table 3) . This implies that GAPDH and EEF1A2 are not suitable to be used as the reference for quantitative analysis of gene expression in goat tissues. In addition, the expression of the most frequently used reference gene ACTB was not sufficiently stable in the present study. The optimal combination of reference genes obtained by using geNorm was 18S and TBP, but the paired variation coefficient of them was higher than 0.15 (V 2/3 = 0.234), indicating that they were not sufficient to be used as the criteria for calibrating the quantitative analysis for gene expression in goat tissues, and other candidates of reference genes were required (Figure 2) . The paired variation analysis indicated that the variation coefficient showed 0.183 (V 4/5 , the smallest among all variation coefficients) for HMBS when its stability values were added. Using more than three reference gene candidates in combination may increase the level of difficulty and introduce errors into the experiment, and may also increase the cost of the experiment (Vandesompele et al., 2002; Schmid et al., 2003; Lardizabal et al., 2012) . We therefore recommend that in the present study, the combination of three reference genes (18S, TBP, and HMBS) should be used for the calibration of the results from quantitative analysis of gene expression in goat tissues. The present study was carried out to identify suitable reference genes (combination) in ten different tissue types sourced from Boer goats for the first time by using qRT-PCR technique. The results showed that the frequently used reference genes in other mammals (pigs, cattle, sheep and others) may not be suitable for goats. The expression of 18S, TBP, and HMBS was the most stable in the ten goat tissue types, and their combination was the most suitable to be used as the reference for quantitative analysis on gene expression in goat tissues. Our future studies will focus on consolidating the best optimal reference genes identified in the present study. We will use the results to calibrate the quantitative analysis of major functional genes in goats in order to obtain accurate, reliable and significant data. The data will provide a solid theoretical basis for illustrating molecular regulatory mechanisms of economically important traits in goats and accelerating variety/breed improvements in goats.
CONCLUSION
In conclusion, this work evaluated the stability of eight genes in different goat tissues showing that they could be used as reference genes. Stability values reflect that tissue is an important variability factor and it must be taken into consideration in the experimental design. It is recommended the use of three reference genes: 18S, TBP, and HMBS in studies which include multiple tissues. For studies in a specific tissue, the most stable reference gene varies between the tissues studied. In stomach, small intestine and ovary it is recommended ACTB. In heart and spleen the best option is 18S, while in uterus and lung we recommend using HMBS. If the study is focused in liver, we encourage using TBP, but if working with kidney and muscle, the most stable gene to be used as reference gene is HPRT1 and GAPDH, respectively.
